We study the impact of an innovative program in the Indian state of Bihar that aimed to reduce the gender gap in secondary school enrollment by providing girls who continued to secondary school with a bicycle that would improve access to school. Using data from a large representative household survey, we employ a triple difference approach (using boys and the neighboring state of Jharkhand as comparison groups) and find that being in a cohort that was exposed to the Cycle program increased girls' age-appropriate enrollment in secondary school by 30% and also reduced the gender gap in age-appropriate secondary school enrollment by 40%. Parametric and non-parametric decompositions of the triple-difference estimate as a function of distance to the nearest secondary school show that the increases in enrollment mostly took place in villages where the nearest secondary school was further away, suggesting that the mechanism for program impact was the reduction in the time and safety cost of school attendance made possible by the bicycle. We find that the Cycle program was much more cost effective at increasing girls' enrolment than comparable conditional cash transfer programs in South Asia, suggesting that the coordinated provision of bicycles to girls may have generated externalities beyond the cash value of the program, including improved safety from girls cycling to school in groups, and changes in patriarchal social norms that proscribed female mobility outside the village, which inhibited female secondary school participation.
Introduction
Reducing gender gaps in school enrollment has been one of the most important goals for international education policy over the past decade, and has been enshrined as one of the United Nation's Millennium Development Goals.
1 While considerable progress has been made in reducing gender gaps in primary schooling, there continue to be significant gaps in secondary schooling, with a noticeable increase in adolescent years . It is therefore of substantial policy interest to identify cost-effective and scalable strategies for increasing secondary school enrollment and completion rates for girls in developing countries.
Policies to improve female education attainment in developing countries have focused on both increasing the immediate benefits of schooling to families as well as on reducing the costs of attending school. The most prominent category of demand-side interventions have been conditional cash transfers (CCT's) to households for keeping girls enrolled in school. Several well-identified studies of CCT programs have found a positive impact on girls' school enrollment and attainment (Fiszbein and Schady 2009) . 2 However, they have not been a very cost effective way of improving school attainment, perhaps because their main purpose was to provide income support to the poor and not only to increase schooling (Dhaliwal et al. 2012; Pritchett 2012) .
On the supply side, the most common policy measure has been to improve school access by constructing more schools and thereby reducing the distance cost of attending school. While well-identified studies of the impact of school construction programs have found positive effects on enrollment (Duflo 2001 , Burde and Linden 2013 , Kazianga et al. 2013 , there is a trade-off between school access and scale, which may be particularly relevant to secondary schools because they need qualified teachers for more subjects, and fixed infrastructure like laboratories, which require a minimum scale to be cost effective. Thus, while improving school access has proven to be effective at increasing school participation, it is not obvious that improving access should always take the form of constructing new schools.
In this paper, we evaluate the impact of an innovative program introduced by the Government of the Indian state of Bihar in 2006 that aimed to improve school access without additional school construction. The program provided all girls who enrolled in grade 9 with funds to buy a bicycle to make it easier to access schools. The 'Cycle program' was therefore a 'conditional kind transfer' (CKT) and had features of both demand and supply-side interventions.
The enrollment conditionality is analogous to demand-side CCT programs, while the bicycle mimics the characteristics of a supply-side intervention by reducing the time, distance, and safety cost of attending school. The program has proven to be politically popular and has been replicated in other states across India, but there has been no credible estimation of its impact.
The main challenge for identification of program impact is that it was launched across the full state of Bihar at a time of high growth, and plausibly increasing rates of return to education.
Thus, the large increases in girls' enrollment during this period (which policy makers cite as evidence of positive impact) could simply reflect broader trends and not be in any way caused by the Cycle program. There is also a risk of over-reporting of girls' enrollment in administrative data in response to the Cycle program and the additional funds associated with it. 3 Thus, an important reason to worry that the program may have had no real impact is simply the possibility of corruption in implementation, and manipulation of administrative records.
We address both these concerns (identification, and reliability of school-level data) by employing a triple and quadruple difference strategy using a large household survey conducted in 2007-08 (during the second year of the Cycle program) that included detailed household roster data with the education history of all residents. We follow Duflo (2001) and treat older cohorts (aged 16 and 17) who were not exposed to the program when they were making the transition to secondary school as the control group and younger cohorts (aged 14 and 15) who were exposed to the program during this transition as the treatment group. The key dependent variable of interest is whether a child is enrolled in or has completed grade 9, and we start our analysis by comparing this outcome across girls in treated and untreated cohorts (first difference).
We address the majority of omitted variable concerns (including economic growth and investments in school quality) by comparing the changes in girls' enrollment to the changes in boys' enrollment for the same cohorts (as in Jayachandran and Lleras-Muney 2009). However, treating this double-difference estimate as causal would require that there were parallel trends in boys' and girls' enrollment prior to the program. Since we reject the parallel trend assumption, we compare the double difference estimate in the state of Bihar (the treated state), with the same estimate for the state of Jharkhand, which is a neighboring state which was a part of the state of Bihar for over 50 years, and only separated administratively in 2001. This triple difference is our preferred estimate of program impact (since we do not reject the parallel trends assumption).
Our main result is that being in a cohort exposed to the Cycle program increased the probability of a girl aged 14 or 15 being enrolled in or having completed grade 9 by 30% (a 5.2
percentage point increase on a base age-appropriate enrollment rate of 17.2 percent). Further, the program also bridged the pre-existing gender gap in age-appropriate secondary school enrollment between boys and girls (of 13 percentage points) by 40%. However, while the reduced-form triple difference estimate can plausibly be attributed to the Cycle program, we still cannot rule out the possibility that this estimate is confounded by other factors that changed at the same time (such as differential trends in returns to education for girls across the states).
We address this issue by noting that if the mechanism of program impact was that the bicycle reduced the 'distance cost' of school attendance, we should find a differential impact on girls'
secondary school enrollment as a function of the initial distance to a secondary school. We construct a quadruple difference estimate of program effectiveness by comparing the triple difference estimate across villages above and below the median distance to a secondary school (3km), and find that almost all the program impacts are found in villages that are over 3km away from a secondary school. We also plot the triple difference non-parametrically as a function of distance to the nearest secondary school, and find that the treatment effect has an inverted-U shape. This is exactly what would be expected from a model where the cycle reduces costs of schooling proportional to the distance to school (but where the absolute cost of attendance is still too high to attend at very large distances). This is our most important result, because the inverted-U pattern of the treatment effect as a function of distance to a secondary school is unlikely to be explained by potentially omitted variables. 4 Further, our finding close to zero impacts on enrollment for girls who lived near a secondary school suggest that the magnitude of the triple difference estimate is not confounded by omitted variables such as differential changes in returns to education for girls in Bihar in the same time period. This result also suggests that the main mechanism of program impact was not the conditionality, but rather the reduction of the distance cost of attending school.
We also study the impact of the program on learning outcomes by collecting official data on student performance on the secondary school certificate (SSC) exam in both Bihar and
Jharkhand. We find that in cohorts exposed to the Cycle program, the number of girls appearing for the SSC exam increased by 9.5%, but find no impact on the number of girls who passed the exam. These results suggest that exposure to the Cycle program not only increased enrollment on paper, but also increased the number of girls who stayed in secondary school to the point of being able to take the high-stakes SSC exam. However, the lack of any impact on the number of girls who passed the exam suggests that the increase in enrollments may not have translated into learning improvements, and is consistent with evidence on conditional cash transfer programs from around the world that find significant impacts on enrollment but not on achievement.
We find that the Cycle program was considerably more cost effective in increasing female school enrollment compared to a conditional cash transfer program in Pakistan, suggesting that this was a setting where an in-kind transfer of the cycle may have been more effective than an equivalent conditional cash transfer. Possible reasons include: (a) the cycle directly contributed to reducing the daily cost of school attendance -unlike cash transfers, (b) spending on the cycle (which was not infra-marginal to initial household spending) made it more likely that the entire transfer would 'stick' to the targeted girl as opposed to simply augmenting the household budget, where the girl would have only received a share of this transfer equal to her Pareto weight in the household, and (c) the coordinated provision of cycles to all eligible girls may have generated positive externalities including increased safety from girls cycling to school in groups, and a relaxation of patriarchal social norms against post-adolescence female education (especially when attending secondary school would require traveling outside the village). We discuss these issues in detail in section 6, along with a discussion of ways in which the Cycle program may have contributed to female empowerment in the patriarchal setting of rural Bihar, along the lines of the quote from Susan Anthony regarding the 19 th century United States.
From a policy perspective, it is worth highlighting that we evaluate an 'as is' implementation of a program that was scaled up across a state with over 100 million people, and a history of high levels of corruption in public programs. The Cycle program also had important features that enabled it to be implemented remarkably effectively (we discuss these features in the conclusion), with leakage rates as low as 3% (Ghatak et al. 2013) . Thus the Cycle program appears to have been quite unique in its ability to effectively provide a non-fungible transfer to girls that was not captured by either households or officials, and which thereby reduced the daily cost of school attendance for girls. The strikingly large positive effects of the Cycle program on increasing female secondary school enrollment and in reducing the gender gap, its relative ease of implementation, its high visibility, and its political popularity suggest that this may be an especially promising policy to scale up in other developing country settings as well.
Methodologically, our approach illustrates the feasibility of credible impact evaluations even in contexts of universal program roll out. Specifically, the analysis of differential impact of the Cycle program as a function of distance to a secondary school is similar to the approaches employed in Bleakley (2007) and Hornbeck (2010) in historical contexts where pre-existing cross-sectional heterogeneity is used to predict differential 'effective impact' of a universally implemented program (de-worming) or broadly available new technology (barbed wire). Chetty et al (2013) use a similar approach to estimate the impact of the EITC on earnings in the US.
The rest of this paper is organized as follows. Section 2 describes the context and the program; section 3 describes the data, estimating equations, and identification assumptions; section 4 presents the main results and discusses heterogeneity; section 5 presents robustness checks, while section 6 discusses cost effectiveness and the broader implications of our results for debates on cash versus kind transfers and gender empowerment; section 7 concludes.
Context and Program Description
Bihar is the third most populous state in India, with a population of over 100 million. At the turn of the century, Bihar was one of the most economically backward states of India and also had among the lowest mean levels of education (India Human Development Survey 2005) . In addition, the gender gap in educational attainment is even more pronounced in Bihar relative to the all India figures (Figure 1 -Panel A) . The drop off in girls' enrollment is particularly pronounced at ages 14 to 15, which is around the age of menarche and also the age of transition to secondary schooling. An important barrier to secondary school enrollment is the greater distance to a secondary school relative to the distance to a primary school and the probability of 14 and 15 year olds being enrolled in school steadily declines as the distance to the nearest secondary school increases ( Figure 1 -Panel B).
While the central and state governments in India have succeeded in expanding access to primary schools to the point where over 95% of villages have a primary school, access to secondary schools is considerably more limited. Figure 2 plots a histogram of villages in a representative sample of Bihar and Jharkhand by their distance to a secondary school, and we see that over 50% of villages are at least three kilometers away from the nearest secondary school.
While there is an ongoing national campaign to expand access to secondary schooling via school construction and expansion, 5 this is an expensive and ongoing process and can only slowly reach children who are currently far from a secondary school.
Following over a decade of weak performance on several measures of governance and human development, the newly elected state government in Bihar (in late 2005) prioritized improvements in law and order, and service delivery in the social sector and undertook several initiatives to improve education (Chakrabarti 2013) . A particularly prominent program that the Government of Bihar (GoB) launched in 2006 was the Chief Minister's Bicycle program (hereafter referred to as the Cycle program) that provided girls who enrolled in secondary school (grade 9) with a free bicycle. This was a highly visible program that had the personal backing of the Chief Minister (the elected head of the state government), and provided Rs. 2,000 (~$40) to every eligible female student to purchase a bicycle (later raised to Rs. 2,500 or ~$50).
The government did not directly procure the bicycles, but distributed the funds to eligible girls through their schools (in public ceremonies attended by local officials as well as elected representatives), and required the school principal to collect the receipts and provide a utilization certificate showing that the funds were used to purchase a bicycle. Households therefore had some flexibility in the specific type of bicycle they bought, but the program was explicitly designed to be a conditional kind transfer (CKT) of a bicycle to be used by the eligible girl, as opposed to the more typical conditional cash transfer (CCT) programs used to reward parents and households for sending their daughters to school. In particular, since few households would have purchased cycles for girls, the cycle would not be infra-marginal for the typical household.
Thus, a key distinction between this program and typical CT programs was that the transfer provided under the Cycle program would be more likely to be spent directly on the girl whose enrollment and attendance was targeted as opposed to simply augmenting the household budget. Cycle program, because they would have been exposed to all the other changes that were taking place in Bihar during the period of interest (including increasing household incomes and increased public investment in education), but were not eligible for this program.
The "Difference in Difference" impact of exposure to the program is estimated by:
where is the outcome variable of interest corresponding to child i, in household h and village v. is an indicator for being female, and is an indicator for being in a 'treated' cohort (being aged 14 or 15). The estimation sample includes all members of the household 8 These exams are equivalent to the British O-Levels or GCSE examinations. Estimates of returns to education in India typically find convex returns to school education, with the returns to secondary schooling being higher than those to primary and middle school education (see Aslam et al. 2011 Since the growth rate of girls' enrollment could vary by household and village characteristics, we progressively augment (1) with controls for household demographics (caste and religion), socio-economic status (parental education, poverty status, and ownership of assets), and for village characteristics (including population and proximity to various facilities). In addition to accounting for differential growth rates, including the controls increases the precision on our estimates of interest by reducing the residual variation to be explained, and our preferred estimates therefore are the ones that include a full set of village and household controls (though we show the estimates without these controls as well).
Triple Difference Estimate (DDD)
The main challenge to interpreting in (1) The triple-difference estimate of exposure to the Cycle program is estimated by:
where all the variables are defined as in (1), and BH is an indicator for an observation from
Bihar. The main parameter of interest is (the triple-difference estimate), and through are the estimates of the double interaction terms and linear terms respectively. The estimation sample is as in (1) but also includes Jharkhand. Standard errors are clustered at the village-level. Table 1 shows the summary statistics of this estimation sample, and we see that there are some significant differences between Bihar and Jharkhand -especially in terms of caste and tribe composition, with the latter having a much larger share of the tribal population. We account for these differences by estimating (2) with a progressively richer set of controls for demographic, socioeconomic, and village characteristics. We show in each of these specifications, but focus our discussion on the specifications with the full set of village and household controls.
Quadruple Difference Estimate
As we discuss in section 4.1, we believe that the triple-difference estimate with controls for village and household characteristics provides an unbiased reduced form estimate of the impact of exposure to the Cycle program. Nevertheless, this estimate may be confounded by omitted variables that differentially affect the trend in girls' secondary school enrollment in Bihar (such as differential trends in returns to education for girls in Bihar). Further, it is also interesting to examine the extent to which the impact of the program (if any) can be attributed to the conditionality versus the reduction in the distance cost of attending school.
We address this issue by noting that if the mechanism of the impact of the Cycle program is that it improved school access by reducing the 'distance cost' of school, we should expect to see heterogeneous effects of the program as a function of the distance to the nearest secondary school, with smaller effects in cases where the secondary school was nearby. We see in Figure 2 that the median village in our sample was 3 kilometers away from a secondary school (both with and without population weights). We therefore define an indicator variable ('Long Distance') that takes the value 1 if a village is 3 kilometers or further away from a secondary school, and estimate a quadruple difference using the specification:
where the parameter is the quadruple-difference estimate of interest, and indicates the extent to which the triple difference estimate from (2) is coming from villages that are further away from a secondary school. The estimation sample, controls, and clustering are identical to that in (2) .
Non-Parametric Triple Difference Estimate (DDD by Distance to Secondary School)
A richer picture of differential program impact can be seen by creating a non-parametric plot of the triple difference estimate in (2) as a function of the distance to the nearest secondary school. The benefits of school attendance are unlikely to depend on the distance while the costs can be thought of as linear in travel time (see sketch in Figure 3 ). 9 The provision of a cycle therefore reduces the cost of school attendance proportional to the original distance from the nearest secondary school. Figure 3 illustrates that if the main mechanism of program impact is that it reduced the distance cost of attending school, we would expect the impact to be low in villages where there is a secondary school nearby (since the marginal impact of the cycle would be low) or where the secondary school is very far away (since the absolute cost of attending school would still be too high), and highest at intermediate distances.
Estimate of Program Impact on Learning Outcomes
Our main estimates on learning outcomes are based on the official tenth-grade board exam results for both Bihar and Jharkhand. We do not measure the impact of the program on the percentage of students who pass these exams since these could be biased downwards if academically weaker students are now more likely to go to secondary school and attempt the exam. We therefore focus our analysis on the logarithm of the absolute number of students who attempt and pass the tenth-grade exams. 10 Our estimating equations take the same form as in (1) and (2) for the double and triple difference estimates respectively.
Results

Enrollment Impact
9 Of course, the opportunity cost of the time spent in school does not vary by distance, but time spent traveling incurs not only the opportunity cost of time, but also a considerable safety cost (especially for girls). We therefore abstract from the other costs of school attendance and focus only the component that is likely to be affected by the provision of the cycle. Note that we also use the term 'distance cost' instead of 'time cost' in this paper to account for the additional costs imposed by distance beyond time to travel to the school. 10 Since the population base in Bihar and Jharkhand is different, we use logs and not levels. The coefficients on the double and triple difference estimates can then be interpreted as percentage changes over the base. Table 2 presents the difference-in-difference (DD) estimate of the impact of the Cycle program based on equation (1), and columns 1-4 present these estimates with an increasingly rich set of controls. The main estimate of interest is in the first row and suggests that girls in treated cohorts were 9 to 12 percentage points more likely to be enrolled in or have completed grade 9 relative to boys in the same cohorts. One point to highlight is that the coefficient on the 'treatment' dummy (which is an indicator for being 14 or 15 years old -and hence in a 'treated' cohort) is negative, which reflects the fact that there is considerable grade repetition and that students may often enroll in or complete grade 9 later than the age at which they would be expected to if they were not repeating grades. 11 The treatment effects presented should therefore be interpreted as the increase in the likelihood of girls being enrolled in or completing grade 9 at a grade-appropriate age.
An alternate way of interpreting the double difference estimate is to think of the first difference not in terms of the difference in grade 9 enrollment (or completion) between girls in older and younger cohorts, but rather in terms of the gender gap in grade 9 enrollment (or completion) in the older cohort. The double difference can then be interpreted as the difference in the gender gap in grade 9 enrollment (or completion) between the older and younger cohorts.
The negative coefficient on the 'treatment' dummy is then simply interpreted as indicating that the younger cohort is less likely to have reached (or completed) grade 9, while the double difference estimate is exactly the same as in Table 2 . We defer the interpretation of the magnitude of these effects till Table 4 . The coefficients on the controls are all in the expected direction, and are only shown in Table 2 for completeness and are not shown in later tables (both for space reasons and also because these are not the estimates of interest in this paper).
As discussed earlier, the validity of this DD estimate depends on not rejecting the null hypothesis of a 'parallel trend' assumption with regard to the secondary school enrollment probability of boys and girls in the absence of the program. We test this assumption using administrative data on enrollment by gender at the school level for the period 2002 -2006 (starting from the year after the splitting of Bihar into the states of Bihar and Jharkhand and till the year prior to the Cycle Program), and using the same specification as in (1) Table 3 -Panel A (where each observation is the log of school-level enrollment by gender), and we see that the parallel trends hypothesis is rejected, with the data indicating that girls' secondary school enrollment was growing faster than that of boys (at around 5% annually) regardless of the Cycle program.
Following the rejection of the parallel trend hypothesis within Bihar, we turn to testing the equivalent for our triple-difference specification -comparing the differential pre-program growth rates in female secondary school enrollment (relative to boys) across the neighboring states of Bihar and Jharkhand. We repeat the same analysis as above including the data from Jharkhand, and use the specification in (2), and see now that we do not reject the null of parallel trends at the school level, with the coefficient on the triple interaction term being close to zero (Table 3 -Panel B) . 12 It is also worth highlighting that this is a very precisely estimated zero (the standard error is 0.01) and we can therefore rule out differential trends of greater than 2% a year with 95% confidence. The triple-difference estimates are therefore likely to provide an unbiased estimate of the impact of exposure to the Cycle program on girls' secondary school enrollment.
Our main triple-difference estimates of the impact of the Cycle program, based on equation
(2) are presented in Table 4 . The estimates with no controls and with only demographic controls (columns 1 and 2) suggest a program impact of around 10 percentage points, while including controls for household education and assets reduces the estimate to 5.2 percentage points, with no further change from including village-level controls (columns 3 and 4). The differences between the estimates in columns 2 and 3 suggest that the rate of girls' secondary enrollment catching up with those of boys may have been higher for households of greater socio-economic status, and our preferred estimates are therefore those from Table 4 -Column 4, which has a full set of household and demographic controls (these are the same variables as shown in Table 2 ).
13 12 Our initial approach was to compare only the border districts across Bihar and Jharkhand and since collecting the enrollment data in Jharkhand required our field teams to visit the headquarters of each district, we only have the school-level enrollment data in Jharkhand for the 10 districts that border Bihar. As we discuss later, the restricted sample of only the border districts is too small to be adequately powered. Therefore the analysis of the parallel trends (using school-level data that had to be individually collected for each district) is based on only using the 'border' districts in Jharkhand (we have data for all districts in Bihar because the Government of Bihar facilitated this data collection), while the main analysis (using the DLHS survey) uses all the districts in Bihar and Jharkhand. 13 We also prefer the estimates in column 4 with a full set of household and village controls, because we document differences in observable characteristics in the sample between Bihar and Jharkhand (Table 1) . and Jharkhand as comparison groups mitigates most of these concerns, we cannot fully rule out this possibility. In particular, it is possible that the returns to education for girls in Bihar may have been increasing faster during this period or that improvement in law and order and safety in Bihar during the same period made it differentially more likely that girls would stay enrolled in secondary school. We address this concern in the next section by presenting evidence on the mechanism of program impact. Table 5 presents the quadruple difference estimates based on equation (3) where we decompose the DDD estimates in Table 4 by whether the respondent lived in a village that was above the median distance to a secondary school (3km). The results suggest that the DDD estimates presented in Table 4 are almost completely attributable to respondents who lived far from a secondary school. For households who are three or more kilometers away from a secondary school, we estimate that being in a cohort that was exposed to the Cycle program led to an increase in girls' secondary school enrollment rates by nine percentage points. However, for households who were less than three kilometers away from a secondary school, we estimate that there was no impact at all (Table 5 , row 3, column 4). 14 The non-impact at short distances is an important result because it suggests that our reduced form estimates are not confounded by omitted variables such as differential trends in returns to education for girls in Bihar in this period (this would have led to a positive triple difference estimate at all distances).
Mechanism of Enrollment Impact
We explore this result further by plotting the DD and DDD estimates (from tables 2 and 4)
non-parametrically as a function of distance to a secondary school (as outlined in section 3.2.4). However, in Jharkhand, this catch up seems more likely to have happened when secondary schools were more easily accessible, and are typically insignificant at most distances above 5km.
Bihar also saw a considerable catch up at almost all distances, 16 and so it is the triple difference 14 Field interviews with head teachers suggest that it is quite common for students to walk 2 to 3 kilometers to get to secondary school, which is consistent with finding a limited impact of the bicycle in this distance range. 15 The DLHS sample consists of 50 villages per district and 20 households per village. We first calculate the village-level double difference estimate (based on equation 1) for each village in the sample. These estimates are then plotted for each state as a function of distance to the nearest secondary school and the plots in Panel A and B are based on a lowess smoothing across the village-level double difference estimates at each distance. The triple difference plots the difference between the smoothed double difference plots of Bihar and Jharkhand respectively. To construct the bootstrapped confidence intervals we calculate the DD and DDD estimates from 5,000 resamples of the original data that account for the sampling procedure in the original dataset. Specifically, we account for both stratification and clustering, by ensuring that each resample contains the same number of villages in each district and we resample 50 villages with replacement in each district (to preserve the stratification), but include the full household sample from the sampled villages (to account for clustering). The confidence intervals are based on the 2.5 th and 97.5 th percentile of the distribution of estimated DD and DDD effects from this resampling procedure. 16 As we see in Figure 2 , there are hardly any villages in Bihar that are over 20km away from a school, and the double difference estimates in Figure 4 (Panel A) are positive and significant for distances up to 20km. that highlights the fact that most of the gains in enrollment relative to Jharkhand occur at intermediate distances.
To further probe the mechanism of impact, we examine the stated reasons for dropping out among households with girls aged 16-17 who have dropped out from school after completing eighth grade. The majority of households report the reason for dropping out as being either that 'no further education was required' or that the girl was required for work (in the house, farm, or outside). However, in 6 percent of the cases, the stated reason for dropout was that 'the school was too far away'; and in another 1.6 percent, it was that that 'transport was not available'. Thus, 7.6 percent of the cases of female drop-outs in the older cohorts were attributed to lack of school access. Our estimated treatment effect of 5.2 percentage points on the younger cohorts who were exposed to the Cycle program are therefore credibly in the range of the expected impact of an intervention that improved school access by reducing the distance cost of school. 
Heterogeneity of Enrollment Impact
We analyze heterogeneity of the DDD estimates presented in Table 4 as a function of several demographic and socio-economic characteristics including household assets, caste, and religion using a specification similar to the DDDD specification used in equation (3), with the corresponding characteristic replacing the "long-distance" dummy in (3). We report these results in Table 6 and the main result is that there is no significant heterogeneity along any of these characteristics. The odd columns present results using the full sample, and the even columns present results only for the villages that are 3 kilometers or further from a secondary school (where the main effects are significant), and we find the same results (of no significant heterogeneity) in both samples. Columns 1-4 include no controls (since they are based on composite indices of individual covariates), while columns 5-12 include the household and village controls shown in columns 3 and 4 of Table 2 (since these are testing heterogeneity of impacts across a single demographic variable at a time). The results are unchanged if villagelevel controls are added to Columns 1-4 or if the controls are dropped from columns 5-12. 17 We also tried to test the impact of program exposure on bicycle ownership. Unfortunately, the DLHS only asks if a household owns a bicycle and does not ask for the number of bicycles in the household, and estimating equation (2) in the DLHS data with bicycle ownership as the dependent variable will be under-powered as a result. We estimate these regardless and as expected, find positive but insignificant effects on the likelihood of household bicycle ownership of being in Bihar and having a girl in a treated cohort.
Impact on Learning Outcomes
Our main results on educational attainment are based on official administrative data on appearance and performance in the secondary school certificate (SSC) exams. Unlike schoollevel data, there is no risk of these figures being inflated since they are obtained from the state- Table 3 ; this table is available on request), and we therefore focus our attention on the triple-difference estimates. Table 7 (columns 1 and 2) present results on two key outcome variables -the number of girls who appear in the SSC exam, and the number of girls who pass this exam (both in logarithms of school-level figures). We see that cohorts exposed to the Cycle program had a significant increase in the number of girls who appeared for the SSC exam (a 9.5% increase), but that there was no increase in the number of girls who passed the exam. These results are consistent with those from other evaluations of conditional transfer programs in developing countries that find significant impacts on enrollment but typically find no impacts on learning outcomes.
18
One limitation of this analysis is that our dependent variable is at the school-level and using school-level data in a triple-difference specification ignores the possibility of new schools being constructed and the redistribution of enrollment in existing schools to other schools. This may bias our estimates if such school construction is taking place at a different rate across the two states. We therefore also report the same regressions using figures aggregated at the district level (since students very rarely leave their district for schooling) in columns 3 and 4. The standard errors here are much larger (since the number of observations is a lot lower when aggregated to the district level), but the point estimates are quite similar to those in columns 1 and 2, 18 We also try to study the impact of exposure to the program on learning outcomes using the 2007-08 ASER data collected by Pratham (a leading non-profit organization in India). This is a household survey that includes short tests of learning levels, and we find no impact on performance on these test questions using an identical triple difference specification as in (2). However, the set of test questions administered here are not really appropriate for older children since they focus on very basic literacy and numeracy (at first and second grade level), and so we do not focus on these results (which are available on request).
suggesting that the Cycle program did lead to an increase in the number of girls attempting the SSC exam, but that there was no increase in the number who passed the test.
It is beyond the scope of this paper to examine the reasons for non-impact of the Cycle program on learning outcomes, but possible explanations include: (a) the girls induced to stay in school as a result of the program are likely to have been drawn from the lower end of the eighth grade test score distribution, and are therefore less likely to have been able to pass the externallygraded SSC exam, (b) investments in school quality may not have kept pace with the increase in demand, which may have led to a reduction in school quality (also affecting students already enrolled), and (c) the program provided an incentive for enrollment but not for achievement. 
Robustness
Omitted variables that differentially affect girls in Bihar as a function of distance to school
While the results presented so far (especially Table 5 and Figure 4 ) strongly suggest that our reduced form estimates can be interpreted as being the causal effect of the Cycle program, there is one further concern. Specifically, it is possible that improvements in roads and law and order in Bihar would also have a greater impact on girls' school participation than boys, and that this impact may be greater as a function of distance to a secondary school in exactly the same way as sketched in Figure 3 . Thus, if these improvements also differentially reduce the cost of girls' secondary school participation proportional to the distance to school in the same way that the bicycle may have, then our estimates could be confounding the impact of these other improvements with that of the Cycle program.
We address this concern by conducting a placebo test where we implement the same tripledifference specification in (2) to estimate the impact of exposure to the Cycle program on the probability of girls' age appropriate enrollment in (or completion of) the eighth grade. Since this is the grade just below the ninth grade, improvements in roads, law and order, and safety should affect girls in this cohort in comparable ways. However, girls in eighth grade were not eligible for the Cycle program, which makes them an ideal group for a placebo test. We present these results in Table 8 and see that there was no impact at all of being in a cohort exposed to the Cycle program on eighth-grade enrollment. 20 We are therefore confident that the main reduced form estimates presented in Table 4 can be interpreted as the causal impact of being exposed to the Cycle program. Nevertheless, it is possible that the investments in roads, and law and order -while not causing the increase in ninth grade girls' enrollment on their own -were complements to the Cycle program. So, it is important to caveat our results by noting that the provision of bicycles on their own may not have had the same impact in the absence of these complementary investments. 
Border Districts and Clustering
We consider a further robustness check by restricting the sample for our main tripledifference estimates to just the border districts in Bihar and Jharkhand. We present these results in Table 9 and see that the point estimates are practically indistinguishable from those in the full sample used in Table 4 . However, restricting the analysis to the border districts reduces the sample size to a third of that in Table 4 , and the significance of the coefficient on the tripleinteraction term is therefore lower in each of the four specifications. Our main analysis is therefore based on the full sample (since the sample using just the border districts is underpowered), 22 but the unchanged coefficients from using just the 'border district' sample increase our confidence in the robustness of the results. Finally, our default analysis clusters the 20 The specification is identical to that used for Table 4 , except that the 'treated' cohorts are now aged 13-14 (instead of 14-15) and the 'control' cohorts are now aged 15-16 (instead of 16-17), because we are looking at age appropriate enrollment in eighth grade as opposed to ninth grade. The 2-year gap between the 'treated' and 'control' cohorts corresponds exactly to the introduction of the Cycle program (as in Table 4 ). 21 However, it is also worth noting that even though the new government in Bihar (that took office in December 2005) took steps to improve road construction and law and order starting in 2006, it took time to see results. Chakrabarti (2013) documents these initiatives and notes that after many years of neglect, several changes had to be made to procurement procedures and contractor selection before accelerated road construction could take place. The lag between policy change and implementation suggests that our estimates, which are based on the first two years of the new government (2006-07) may not be highly sensitive to the complementary investments in roads. This may also explain the non-effect when we look at changes in girls enrollment in grade 8 in the same time period (Table 8) . 22 It is worth noting that a triple-difference identification strategy of the sort used in this paper requires very large samples to have adequate power, and we are fortunate that the DLHS-3 has a large enough sample size at the state level for us to have adequate power (the DLHS-3 is among the largest household surveys ever done in India -and is five times larger than the full rounds of the NSS, which is the main household survey of income and consumption in India). As a comparison, Duflo (2001) required access to a restricted Indonesian intercensal survey dataset (that covered over 150,000 individuals) to have adequate power for a similar triple-difference identification strategy. Replicating the same specification as Duflo (2001) in the third wave of the Indonesian Family Life Survey (IFLS-3) yields positive point estimates on the impact of school construction on education attainment, but these are insignificant because of the considerably smaller sample size (though the IFLS is a large household survey).
standard errors at the village-level (one level above the unit of observation), but we also cluster the standard errors at the district level and the coefficients on the triple interaction terms in Table   4 continue to be significant in all four specifications, though at lower levels of significance (tables available on request).
Replication in a Different Dataset
As a further test of robustness, we use the ASER 2007-08 data (Pratham 2008) to estimate the impact of being in a cohort exposed to the Cycle program on female secondary school enrollment using the same triple-difference specification with controls as in (2). We find almost identical point estimates in this dataset as well (a 6 percentage point increase in girls' enrolment), but they are not significant. This is because ASER is a smaller survey and only collects education data for household members up to age 16, and the size of the estimation sample is therefore less than a third of that in the DLHS-3 data used in Table 4 , which create the same limitations discussed in footnote 22 (tables available on request).
Spillovers
A further concern may be the possibility of intra-household spillovers from the Cycle program. In particular, there may be a concern that if boys in the house undertake more chores because their sisters go to school (and reduce their own schooling as a result), then our results may be biased upwards. We believe that this is quite unlikely in the patriarchal culture of rural Bihar and if anything the direction of spillovers is likely to be the other way -with more boys who may have dropped out now being induced to continue to school as a result of seeing girls in the village continue to secondary school. While we cannot test this directly (given that our core identification strategy relies on differences relative to boys), other experimental studies on transfers targeted to girls in developing countries have typically found a positive spillover to boys in the household (see Kim, Alderman, and Orazem 1999, and Kazianga, de Walque, and Alderman 2012 for evidence from programs in Pakistan and Burkina Faso respectively). Thus, to the extent that there are spillovers from girls to boys, we believe that they will lead to our estimated effect sizes being a lower bound on the true effect.
23 23 One further test we do is to plot the single difference for boys and girls for Bihar by distance (analogous to Figure  4 , but with the first differences for boys and girls in Bihar) and we see no noticeable pattern in the first difference for
Cost Effectiveness and Discussion
Cost Effectiveness
The percent (a four percentage point increase on a base enrollment of 43%).
In contrast, the Cycle program cost less than $1/month per recipient 24 and being exposed to it led to a 30 percent increase in female secondary school enrollment. Thus, the Cycle program had both a higher absolute impact (5 versus 4 percentage points) and a much higher impact relative to base enrollment rates (30 percent relative to 9 percent) than a comparable CCT program, though it spent considerably less per recipient and targeted secondary as opposed to middle school (with female dropout being a much bigger challenge at the secondary level).
Thus, the Cycle program appears to have been much more cost effective at increasing female school participation than comparable CCT programs (which are the most commonly used policy instrument for improving female school participation in developing countries), and was likely to have been even more cost effective for girls who lived further away from a secondary school.
Finally, the low base rate of female secondary school enrollment means that the number of girls who received the transfer who would have enrolled anyway was quite low.
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boys as a function of distance, whereas there is a clear inverted-U for the girls. The figures clearly suggest that spillovers to boys in the household were not a first-order concern and are available on request. 24 The value of the transfer made available for buying the cycle was around $45. We assume that the cycle lasts for 4 years, which is a conservative estimate relative to anecdotal evidence that bicycles are an important asset in rural Bihar that are maintained and used for many years. More formally, the Indian tax code allows vehicles to be depreciated linearly at 15% per year, implying a life of 6 to 7 years. Our estimate of a 4-year life for the bicycle is therefore conservative even by this standard. 25 Of course, the welfare cost of the transfer to infra-marginal households is not the value of the transfer but only the deadweight loss incurred by raising the revenue for the transfer (and the cost of administering the transfer), but a low extent of infra-marginal transfers will still improve the cost-effectiveness of the program.
Cash vs. Kind Transfers
The evidence above that the conditional kind transfer of a bicycle may have been more cost effective at increasing girls' secondary school enrollment relative to an equivalent conditional cash transfer raises some interesting issues for the broader debate on cash versus kind transfers as tools for social policy in developing countries. In particular, given evidence in other Indian settings that in-kind provision of school inputs were substituted away by households (see Das et al. 2013) , it is worth thinking about the circumstances under which an in-kind transfer may do better in promoting education outcomes relative to an equivalent cash transfer and the extent to which those conditions were met in this case.
First, a cycle for an adolescent girl was unlikely to have been infra-marginal to pre-program household spending, and therefore would have been difficult to substitute away. On a related note, field interviews suggest that the public ceremonies in schools accompanying the payments to families to buy a bicycle would have made it socially difficult for families to sell the bicycle ex post, thereby making it less likely that the in-kind transfer would be monetized.
Second, the bicycle directly reduced the marginal cost of schooling incurred by the girl on a daily basis, and may therefore have had a greater impact relative to a transfer that simply augmented the household budget. Of course, if a bicycle would alleviate a binding constraint to school attendance, it should still be possible for a household to use a cash transfer to buy a bicycle on their own. So why might this not happen as easily? One reason is that even households that may have wanted to buy a cycle with the equivalent cash transfers may face credit constraints that make it difficult for households to transform small monthly cash transfers into an expensive capital good that needs to be bought up front. A second (and perhaps more important) reason is that in-kind provision may change the default of what the money would be spent on, and remove it from the sphere of intra-household bargaining. Thus, from the perspective of a social planner who seeks to influence the intra-household allocation of a transfer, the provision of the transfer in the form of a bicycle may help the transfer 'stick' to the intended recipient (the girl) as opposed to augmenting the overall household budget and be subject to intra-household bargaining and allocation (where the girl would likely only receive her Pareto share of the transfer).
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Third and finally, it is likely that the program as implemented generated positive spillovers relative to what an equivalent conditional cash transfer would have done. The Cycle program can be considered as providing a 'signal' that helped households coordinate the spending of the transfer on a bicycle, which in turn is likely to have generated positive externalities including (a) greater safety when girls cycle to school together, and (b) a change in social norms with respect to the social acceptability of girls' being able to leave the village to attend school. The latter channel may be particularly important in a patriarchal context such as that of rural Bihar, and it is important to note that our estimates of program impact could be driven not just by the reduction of the 'distance cost' of schooling to individual girls, but also by changes in safety and social norms induced by the mass provision of bicycles to girls attending secondary school.
Historical Perspective on Women's Empowerment
Scholars of the history of women's suffrage and empowerment in the United States have noted the important role played by the bicycle in this process, with the opening quote from Susan Anthony highlighting the transformative role played by bicycles in enhancing the mobility, freedom, and independence of women in the 19 th century (in addition to playing a role in changing social norms on women's clothing). 27 It is useful to keep this historical perspective in mind to understand the potentially transformative long-term potential of the Cycle program to not just improve female secondary school attendance, but to also empower girls' beyond school attendance by increasing their mobility and independence in a deeply patriarchal society.
The discussion of the role of the bicycle in women's empowerment suggests an additional reason for why an in-kind transfer like the bicycle may in this context be more effective at improving female education outcomes than an equivalent conditional cash transfer to the household. As Basu (2006) notes, not only do household Pareto weights determine current 26 Of course, other members in the household can use the bicycle during non-school hours thus generating a pay-off to the entire household -but it is likely that the first claim on the bicycle would be that of the girl who owns it. 27 See Macy (2011) for a detailed history of the role of the bicycle in women's empowerment in the United States. The full quote from Susan Anthony is: "Let me tell you what I think of bicycling. I think it has done more to emancipate women than anything else in the world. I rejoice every time I see a woman ride by on a wheel. It gives her a feeling of self-reliance and independence the moment she takes her seat; and away she goes -the picture of untrammeled womanhood." (Harper 1898) consumption shares, but current decisions within the household may also affect future balance of power and change future Pareto weights. Thus, holding the Pareto weight of a girl in the household budget constant, households (and extended families and communities) in strongly patriarchal settings like rural Bihar may be more inclined to direct the girl's share towards consumption (or saving for marriage) rather than to make investments for girls (such as a bicycle) that can dynamically improve their bargaining power over time in their communities. In such a context, the provision of a bicycle may not only help ensure that the entire transfer 'sticks' to the girl who was targeted, but can help empower adolescent girls by 'bypassing' entrenched patriarchal household decision-making processes, because it is possible that households would not choose to buy a bicycle on their own even if they were somehow constrained to spend the entire value of the cash transfer on the 'targeted' girl.
While empowerment is difficult to quantify, several qualitative accounts of the Cycle program in Bihar have highlighted that the program has played a highly visible and transformative role in increasing the mobility and confidence of young girls. 28 The Chief
Minister of Bihar echoed the same sentiments expressed by Susan Anthony by noting that:
"Nothing gives me a greater sense of fulfillment of a work well done than seeing a procession of school-bound, bicycle-riding girls. It is a statement for social forward movement, of social equality and of social empowerment (Swaroop 2010)." 29 Our quantitative estimates showing that exposure to the Cycle program bridged the gender gap in secondary school enrolment by 40 percent, and that the program was much more cost effective than an equivalent cash transfer lend support to the widespread perception that the Cycle program has played a transformative role in empowering girls and bridging gender gaps in secondary school participation in rural Bihar.
Conclusion
The Cycle program in the state of Bihar has been one of the most visible policy initiatives for improving female educational attainment in India in the past decade, and has been widely imitated in other states. However, while the program has been politically popular and received 28 Sources include Debroy (2010) , Kumar (2010) , Swaroop (2010) , Nayar (2012) and Chakrabarti (2013) 29 Similarly, Chakrabarti (2013) notes that: "Today, one of the commonest sights on most roads in Bihar is a group of girls in school uniforms bicycling together, to or from school. The social impact of this on the status of women and the demand for education itself has stretched far beyond what any cold statistic can ever capture (page 128)."
wide media coverage, it has been challenging to credibly measure its impact on girls' secondary school enrollment because the program was rolled out across the entire state at the same time.
In this paper, we use a large representative household dataset collected 18 months after the inception of the Cycle program and use a triple and quadruple difference approach to credibly estimate the impact of the Cycle program on girls' secondary school enrollment and on their appearance and performance on the secondary school certificate (SSC) exam. We find that the rate of age-appropriate participation in secondary school for girls increases by 30 percent in cohorts exposed to the Cycle program (a 5.2 percentage point increase on a base of 17.2%) and also find strong evidence to suggest that the mechanism of impact was the reduction in the 'distance cost' of attending school induced by the bicycle. We find a significant increase in the number of girls who appear for the SSC exam, suggesting that the increase in enrollment was not just on paper, but led to a real increase in school participation. However, we find no impact of the program on the number of girls who pass the SSC exam.
Comparisons with conditional cash transfer programs in other South Asian contexts suggest that the Cycle program was much more cost effective at increasing girls' secondary school enrollment than an equivalent-valued cash transfer. Given the importance of increasing women's education attainment in developing countries like India (especially in its most under-developed regions) and the fiscally-constrained policy environment, these results are important and suggest that the Cycle program was not just politically popular but also much more cost-effective than the most frequently considered and implemented policy alternative to increase girls' secondary school enrollment in developing countries in the past couple of decades (CCT's).
From a policy perspective, it is also worth reflecting on why the Cycle program was implemented effectively, with leakage rates as low as 3% (Ghatak et al. 2013 ) even in a context of high leakage and corruption in other public programs. Discussions with policy makers, field officials, and researchers suggest that the reasons for low leakage in the Cycle program included:
(a) universal eligibility -every girl enrolled in 9th grade was entitled to the grant for the bicycle, which removed officials' discretion in determining beneficiaries; (b) the transparent and one-time nature of the transfer, which made it easier to monitor than several ongoing smaller transfers; (c) the public ceremonies for awarding the cash to purchase bicycles in schools, which provided an easy platform for beneficiaries to notice irregularities and to report grievances; (d) the demographic group that was eligible for the benefit (households enrolling girls in secondary school) is likely to have been considerably more empowered to begin with (as seen by the coefficients on the household controls in Table 2 ) relative to the poorer and more disadvantaged recipients of other public programs, making it more difficult for officials to deny them benefits;
and ( Finally, the main area of concern for policy makers from our results is the finding that the Cycle program had no impact on the number of girls who passed the SSC exam in spite of the significant increases in female enrollment and the number of girls attempting the SSC exam.
The challenge of converting increases in inputs (including student enrollment) into learning outcomes is a fundamental one that is faced at all levels of the Indian education system.
However, while there is a growing body of evidence on effective interventions in primary education in developing countries such as India (see Muralidharan 2013 for a review) there is relatively little corresponding evidence on cost-effective interventions to improve the quality of secondary education in low-income settings. This is an important area for future research. Notes: * p<0.1; ** p<0.05; *** p<0.01. Standard errors clustered by village ID are in parentheses. The summary statistics for the demographic, and socio-economic are shown in Table 2 . The Asset and SES (Socio-Economic Status) Indices are created using the predictions based on the first principal component of the variables corresponding to household assets and SES indicators indicated in Table 1 . The odd columns report the regressions from the full sample, while the even numbered columns report the regressions from the sub-sample when the secondary school is at or above the median distance to a secondary school (equal to greater than 3km away) 2004 -2010 . The data on the number of students who appeared in and passed the exams are at the school level in columns 1 and 2 and at the district level in columns 3 and 4, with each observation representing the school/district-gender appearing/passing figures for a year. The "pre" period is defined as the school years ending in 2004 to 2007, and the "post" period is defined as the school years ending in 2009 and 2010. For columns 1 and 2, we calculate standard errors both with and without clustering, but find that clustering lowers the standard errors. We therefore report the more conservative unclustered standard errors. * p<0.1; ** p<0.05; *** p<0.01. Table 4 that uses an estimation sample of household residents aged 14-17, this table uses household residents aged 13-16 as the estimation sample because we are interested in age-appropriate enrollment rates in grade 8 as opposed to grade 9. The demographic, socioeconomic, and village controls are the same as those shown in Notes: * p<0.1; ** p<0.05; *** p<0.01. Standard errors clustered by village ID are in parentheses. The demographic, socio-economic, and village controls are the same as those shown in Table 2 Bihar Border Districts: Katihar, Bhagalpur, Banka, Rohtas, Aurangabad, Gaya, Nawada, Jamui Jharkhand Border Districts: Garawah, Palamu, Chatra, Hazaribagh, Kodarma, Giridih, Deoghar, Godda, Sahibganj, Dumka 
